INTRODUCTION
Tetra ethyl lead has been utilized as an anti-knock agent in gasoline for planes, cars etc. since 1923, in addition, to being used extensively in the past ten years. Numerous intoxication cases as a result of organic lead were found among factory workers whose job was mixing gasoline with the above leads or when using same for cleaning tanks1). Poisoning was also due to pollution of well water as a result of leakage of buried drums of lead added gasoline mixture etc.2). Extensive alkyl lead toxication cases such as S.S. "Boston Maru", 19673) and an offset printing office in Osaka, 19684) were observed. Both cases revealed that gasoline containing lead had been used for cleaning purposes. Among recent environmental pollutants in Japan, inorganic lead in exhaust gases has been given considerable research.
Properties of inorganic lead differ essentially however from organic lead such as tetra alkyl lead resulting in entirely different states in acute, chronic toxicity as well as toxic symptoms.
Consequently, defining the state of alkyl lead and performing microdetermination, especially in urine, blood etc. are considered as general prevention of hazards for persons handling alkyl lead.
Several methods of determination include: a) Comparison of the color with dithizone after incorporation. b) Calculation as to difference in absorption wavelengths. c) Utilizing color of changed dithizone5) due to a difference in the connective numbers of the alkyl radical. d) Determing quantity using special chelate compounds6),7). e) Calculation after separation using a solvent extraction. f) Utilizing solubility differences8). The above methods were however ineffective in carrying out direct quantitative analysis of alkyl lead due to complicated processes involved especially, detection and precision, and in addition could only be done in aqueous solution with several conditions not applicable to urine, blood etc.. Gas chromatography was also considered but could be made only applicable to gasoline.9)-11)
The author researched and established a method for determination of alkyl lead, even is small quantities utilizing a very simple process of direct gas chromatography.
REAGENTS
AND EQUIPMENT
Reagents
Tetra methyl lead (4ML), tetra ethyl lead (4EL), trimethyl lead chloride (3ML) and triethyl lead chloride (3EL), pure and standard agents submitted by the Toyo Ethyl Laboratory were used. Molecular formulas and qualities of these substances are stated on Table  1 .
Other reagents included special grade materials and organic solvents such as benzene, ethyl acetate etc. which were utilized.
These were redistilled and produced no confusable peak with alkyl lead (AL) under the analytical condition of gas chromatography (GC).
Equipment
Gas chromatograph type GC-3AE and GC-4APE of Shimazu Seisakusho Ltd. were employed. All columns were glass and an electron capture type detector (ECD) was used.
Apparatus
Market standard articles such as separating funnel, glass apparatus and one brown glass separating funnel were used in order to prevent decomposition of AL due to light12).
OPERATING CONDITIONS OF GC
Selection of Column Packing
Referring to the 19 stationary phase types mentioned in Table 2 , chromatograms made under temperature, length of column and flow of carrier gas changed considerably. These were investigated as the basis of judgement for retention time, separating state, peak shape (sharpness of response peak) and peak height (sensitivity). Tetra alkyl lead (4AL) could be determined using a low polar stationary liquid eg.; SE-30, DC-11, Apiezon-L, OV-17 etc., and trialkyl lead (3AL) using a high polar stationary liquid eg.; 1.4 BDS, CHDMS, DEGS etc..
As for the stationary phase, regarding shape and separating conditions as well as possible microanalysis the author selected Apiezon-L, and SE-30 for 4AL and 1.4 BDS and DEGS for 3AL (Table 2 .) these being suitable for the peak height.
Conditions of Column
To prevent contact decomposition of AL and appearance of a ghost peak, a glass column was introduced on column.
As fairly different detection sensitivities according to the column temperature were observed, investigation of the most suitable temperature, i.e. the highest peak for each material was done.
As 4ML has a low boiling point with only a slight difference compared to the boiling point of solvent, temperature of the above was fixed near the boiling point of the solvent. Should as high a degree as the column temperature be applied, it would be included in the limit so that a peak would appear at 3-5 mins. under control of the column length and the flow of nitrogen gas.
Detector
Sensitivity of FID was one of several thousands of ECD and ECD was used for microanalysis.
Temperature of the detector was regulated a little higher than the column tem-4. Carrier Gas Nitrogen was used as carrier gas and flow for 4AL was fixed at approx. 35ml/min because of the low boiling point and comparative short retention time. For 3AL it was fixed at approx. 110ml/min.
INVESTIGATION OF SAMPLE PREPARATIONS

Extraction
Extractions were done with reference to Bolanoswska Method13).
1) Solvents
Tetra alkyl lead having a high solubility to organic solvents could be entirely extracted using low polar solvents such as benzene, toluene, hexane etc.. Tetra ethyl lead was extracted 95-100% with two extractions of benzene but recovery rate of 4ML could not be raised as it is volatile and decomposes easily. Attempts to salt out using common salt proved fruitless.
In the case of trialkyl lead, extraction using organic solvents was most difficult as it is water soluble.
Mixed solvents such a petroleum ether-ethyl ether, benzene-acetone and benzene-ethyl acetate, benzene, iso-butyl methyl ketone, ethyl acetate, n-butyl and iso-amyl alcohol etc. were tested but each proved to have very low extraction rates unless salt was added.
Even for high polar solvents recovery rate was 50% or less, however with addition of common salt, results were fairly satisfactory. Benzene, ethyl acetate, n-butyl alcohol and iso-amyl alcohol (Table 3 .) showed good recovery rates, i.e. 95-100% for 3EL, however, 3ML was unsatisfactory for transition to benzene. Iso-amyl alcohol and n-butyl alcohol showed good extraction, but when purification processes were carried out, reproductibility was poor 
2) Acidity
Presuming 3AL existed in biomaterial combined with SH radical the same as other organic metals, extraction using 0.5-IN HCl was done in order to eliminate combination of the tissue.
It has been reported that 3AL easily decomposed in light or by acid but was extracted 100% from the 0.5-IN HCl solution without any decomposition, in our laboratory.
3) Salting Out
This method was generally applied for complete extraction in case of organic solvents. Extraction of 3AL was studied for effects using salt concentrations such as in 2, 5, 10, 15, 20, 30% NaCI, 15% Na2SO4 or Na2CO3 solutions.
3EL was more than 90% extractable using only a 2% NaC1 solution, but as 3ML is water soluble, extraction could not be done (Table 4. ). When 30% nearly saturated solution of NaCl was applied 3ML could be entirely extracted.
Other salts were not effective, rather they hindered extraction of AL.
Purification and Deproteinization
As extracts from biomaterials contain various substances, peaks similar to those of alkyl lead could appear, or some materials may exist resulting in a lower sensitivity of GC. To avoid confusion, extraction solution should be purified.
Investigation was done on methods for removing admixtures from the samples before extraction. 1) Purification Method certain quantitativity. Fig. 1 shows a comparative chromatogram obtained before and after purification admixtures disappeared and analysis was made possible.
2) Deproteinization
When urine of healthy workers in factories handling alkyl lead contained a little 3AL, the urine was previously treated to remove the admixtures.
Generally coprecipitation was employed as a removal to 50ml urine. Protein was removed using kaolin powder and acid clay and lead acetate were released. As indicated on Table 5 , both above methods revealed poor recovery rates for 3ML due to absorption. Acid clay and lead acetate methods showed ranges of 96-109% recovery rate in 3EL, rather satisfactory even though results were scattered. Removal method of protein using trichlor acetic acid was not performed as this is unapplicable to GC analysis due to inclusion of ECD in the detector, when very little trichlor acetic acid was contained in the solvent. Consequently re-extraction was easier after one transfer to HNO3 solution. Analysis of urine, blood and organs were feasible using this method.
3. Application to Biomaterials 1) Experimental Animal Organs Required quantities of blood, liver, brain etc. were homogenized and adjusted for acid concentration with HCl, each solution being approx. 50ml. to which 15g. NaCl had been added. These were extracted using ethyl acetate or benzene depending on the extracted alkyl lead.
When necessary, treatment using HNO3 was done before preparation for GC analysis. Chromatograms for blood and liver of mice given 3AL are shown on Fig. 2. 
2) Urine
When large quantities containing a very small amount of alkyl lead were extracted using a quantity of solvent proportional to that of the sample, treatment of a large quantity of the sample was meaningless, therefore the method of repetitive extraction using the same quantity of solvent was used. Two hundred ml, of urine was put into 4 separating funnels and 15g. NaCl was added. Each funnel was extracted using the same ethyl acetate. As ethyl acetate has little solubility in water the quantity of it in the fourth funnel was greatly reduced compared to the quantity added to the first funnel. The same treatment using ethyl acetate was repeated 2 or 3 times and then extracted completely.
Each extracted solution was added and treated with HNO3 as previously mentioned. RESULTS 
AND CONSIDERATIONS
1. Quantitative Analytical Conditions 1) Conditions of GC Investigation was done on results of various conditions using several column packings (Table 2. ) and conditions as shown in Table 6 were found to be best.
respectively.
2) Extraction Methods Tetra alkyl lead was extracted 3 times with 20, 20, 10ml. benzene against 50ml. sample. Trialkyl lead was extracted 3 times using 20, 20, 10ml. ethyl acetate against 50ml. sample to which had been added 15g. NaCl and 5ml. 6N HCl. All extraction solutions were added making a 1% HNO3 extraction solution to which 6g. NaCl had been added. Extraction was done 3 times using 10, 10, 5ml. ethyl acetate. C; mouse blood after administration of 3ML Table 6 . Analytical Conditions of Gas Chromatograph When 3EL only was treated, benzene was better than ethyl acetate as an extraction solvent (Fig. 2) .
3) Determination Methods
Calibration curve of peak heights and area (integration, gravimetric method) showed rectilinearity, therefore from the peak height obtained as a result of the extraction solution solution.
Results were almost equal. 2. Gas chromatogram obtained under the above mentioned analysis is shown on Fig. 4 .
Detective sensitivity of 4ML was 1/100-1/200 compared with that of 4EL and 3AL, and exceedingly fine peaks were obtained from both materials. Curve   benzene  for  3ML  and  3EL  respectively was injected into GC. Chromatogram was done followed by calibration curve made by the peak height of the chromatogram (Fig. 5 ).
Preparation of Calibration
All alkyl leads showed that the infused quantity was proportional to the peak height, but day by day change of calibration curve was observed. It was therefore necessary to quantify each time by means of the infused quantity of preparation which showed the same degree peak as 
Recovery Rate
Recovery rates of aqueous solution according to the aforementioned extraction conditions are shown on Table 7 . Tetra ethyl lead, 3ML and 3EL were extractable by more than 95%
following triple extraction, however 4ML having a high volatility could not be raised to the recovery rate as it decomposed easily.
SUMMARY
A quantitative and qualitative analysis of alkyl lead in the living body is most difficult to determine, therefore, direct microanalization by GC was done. As for stationary phase, 7% Apiezon-L for 4ML, 1.5% SE-30 for 4EL and 1.4-BDS for 3ML and 3EL were more applicable. Glass column and ECD as detector were used.
Extractions from biological samples were made using organic solvents after the sample had been acidified using HCl.
When more scattered peaks appeared in the extraction solution, 3ML and 3EL were extracted using 1% HNO3 solution and trialkyl lead was transferred into the water layer and re-extracted using organic solvent for purification.
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